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New Horizons"
•  Completes the Initial Exploration of the Classical Solar 

System"

•  Began the exploration of the Third Zone of the Solar 
System"

•  Closest Approach to Pluto was on July 14, 2015"
•  Fiftieth Anniversary of the First Transmission of 

Pictures of Mars from a Spacecraft (Mariner 4)"
•  Results demonstrate once again why it is important to 

visit unexplored worlds – Pluto is a rockstar (or should I 
say icestar)"



M I S S I O N  H I S T O R Y "
FIRST CONCEPT: 1989

ALAN STERN AND OTHERS PROPOSE PLUTO MISSION DESIGN 
MANY ITERATIONS OF A PLUTO RECON MISSION, UNTIL…

NEW HORIZONS CONCEPT SELECTED: NOV 29, 2001
PI ALAN STERN SWRI BOULDER/ PROJECT MANAGEMENT APL

FIRST MISSION IN “NEW FRONTIERS" CLASS

LAUNCH: JAN 19, 2006
ATLAS V ROCKET FROM CAPE CANAVERAL, FLORIDA

FASTEST VEHICLE LEAVING EARTH’S ENVIRONMENT

JUPITER FLYBY: FEB 28, 2007
GRAVITY ASSIST AND FLYBY REHEARSAL

CROSSED NEPTUNE’S ORBIT: AUG 25, 2014
EXACTLY 25 YEARS AFTER VOYAGER 2 VISITED NEPTUNE

P L U T O  F L Y B Y  S P A N N E D  J A N -J U L Y  2015
“B E S T  E V E R ”  I M A G E S  S T A R T E D  I N  M A Y  
2015
D A T A  D O W N L I N K E D  T H R O U G H  L A T E  2016



PLUTO"

CHARON"



M I S S I O N  O B J E C T I V E S "

 TERTIARY OBJECTIVES:

•  CHARACTERIZE ENERGETIC 
PARTICLE ENVIRONMENT OF PLUTO 
AND CHARON  

•  REFINE BULK PARAMETERS (RADI I ,  
MASSES,  DENSIT IES)  AND ORBITS 
OF PLUTO AND CHARON 

•  SEARCH FOR MAGNETIC F IELDS OF 
PLUTO AND CHARON 

•  SEARCH FOR ADDIT IONAL MOONS 
AND RINGS

 P R I M A R Y  O B J E C T I V E S :
•   C H A R A C T E R I Z E  G L O B A L  G E O L O G Y  A N D  M O R P H O L O G Y  O F  P L U T O  A N D  C H A R O N   
•   M A P  S U R F A C E  C O M P O S I T I O N  O F  P L U T O  A N D  C H A R O N  
•   C H A R A C T E R I Z E  T H E  N E U T R A L  A T M O S P H E R E  O F  P L U T O  A N D  I T S  E S C A P E  R A T E

 SECONDARY OBJECTIVES:

•  CH A R A C T E R I Z E T IME VARIAB IL ITY OF PLUTO’S SURFACE 
AND ATMOSPHERE 

•  IMAGE PLU TO AND CH A R O N IN  STEREO 

•  MAP TERMINATORS OF PL UTO & CH A R O N AT H I G H R E S 

•  MAP C O M P O S I T I O N OF SELECTED AREAS OF PLUTO AND 
CH A R O N AT H I G H R E S 

•  CH A R A C T E R I Z E PL UT O’S IONOSPHERE AND SOLAR WIND 
INTERACTION 

•  SEARCH FOR N E U T R A L SPECIES,  H Y D R O C A R B O N S,  AND 
N I T R I L E S IN  PLUT O’S U P P E R ATMOSPHERE 

•  SEARCH FOR ATMOSPHERE AROUND CH A R O N 

•  DETERMINE BOND ALBEDOS FOR PLU TO AND CH A R O N 

•  MAP SURFACE TEMPERATURES OF PLU TO AND CH A R O N



OBJECTIVE:
FIRST EXPLORATION OF THE PLUTO SYSTEM

LAUNCHED: 
JANUARY 19 2006, ATLAS V-551 ROCKET

POWER SUPPLY: 
RTG WITH 11KG PU-238, 202 WATTS AT PLUTO

COMMUNICATIONS: 
2.1 METER HIGH-GAIN ANTENNA 
X-BAND UPLINK/DOWNLINK, 3000 BPS MAX AT PLUTO
USES 30W OF POWER

SCIENCE INSTRUMENTS PROVIDE COMPLEMENTARY DATA: 
LORRI  - HIGH RESOLUTION PANCHROMATIC CAMERA
MVIC  - COLOR AND PANCHROMATIC CAMERA
LEISA  - NIR SPECTRAL MAPPER
ALICE  - UV SPECTRAL MAPPER
SWAP  AND PEPSSI  - PLASMA ENVIRONMENT INSTRUMENTS
REX  - RADIO SCIENCE EXPERIMENT
VENETIA BURNEY STUDENT DUST COUNTER

T H E  S P A C E C R A F T "

ALICE" RALPH"
MVIC/LEISA"



SDC 

RALPH 

ALICE 

LORRI  
(COVER ON) 

PEPSSI & 
SWAP 

REX 

Eyes & Ears 



Ralph: IR and Visible Camera in One Box"



Ralph Provides Composition Information"

•  Ralph/MVIC"
• Panchromatic Band"
• 4 visible/NIR colors including a methane band filter"

•  Ralph/LEISA"
• 1.25 – 2.5 µm, λ/Δλ = 240 "
• 2.1 – 2.25 µm, λ/Δλ = 560 "

• N2 feature at 2.15 µm useful for temperature "



2005/PRE-DECISIONAL

MISSION PROFILE 
PLUTO-CHARON 

JULY 2015 
KBOS 

2016-2020 
JUPITER ASSIST 
FEBRUARY 2007 

LAUNCH 
JAN 2006 



PHOTO BY NASA/ESA/M. BUIE (SWRI)/STSCI/JHU-APL/SWRI"

OUR BEST VIEW OF PLUTO PRIOR TO NEW HORIZONS 
WAS ONLY A FEW PIXELS ACROSS (FROM HUBBLE)"

NEW HORIZONS HAS RADICALLY CHANGED OUR VIEW"



PLUTO AND CHARON IN COLOR"
NOTE: IN THE 

FOLLOWING CHARTS, 
ALL PLUTO SYSTEM 
SURFACE FEATURE 

NAMES ARE 
INFORMAL."



PLUTO IS 
VERY COLD"
(40-50 K)"

SURFACE 
PRESSURE"
6.5 TO 24 

UBARS"

SUBLIMATION (SOLID->GAS)"
CONDENSATION (GAS->SOLID)"



GEOLOGY: COMPLEX TERRAINS ON PLUTO 







1

2

3

ALL NAMES ARE INFORMAL, 
SUBJECT TO IAU APPROVAL. 

TOMBAUGH  
REGIO SPUTNIK 

PLANUM



1) NITROGEN ICE GLACIAL FLOWS"



3) Boundary Between Glacial Flow and Older Surface     "



REGION SHOWING MOUNTAINS OF WATER-ICE"





VALLEY GLACIERS ON EAST MARGIN OF SPUTNIK 
PLANUM"

0.38 KM/PIX 77,298 KM
JUL 14 10:10:15 25.1°

50 KM"



VALLEY GLACIERS ON EAST MARGIN OF SPUTNIK 
PLANUM"

RIDGES AND PITS 
HERE"

(ORIGIN UNKNOWN)"

0.35 KM/PIX 17,277 KM
JUL 14 12:00:41 147.2°

50 KM"







Pluto – 
Highest Res 

80 m px-1"

26"

•  EJECTA BLANKETS"

•  NO OBVIOUS 
SECONDARY 

CRATERS"
•  NESTED CRATERS 

(SUBSURFACE 
LAYERING)"

•  YOUNGEST 
CRATERS ARE 

DARKEST "
10 KM "•  DOUBLETS?"



GEOLOGY: COMPLEX TERRAINS ON PLUTO 

(241 KM)"



NORGAY MOUNTAINS 3,500 METERS HIGH"

0.38 KM/PIX 77,298 KM
JUL 14 10:10:15 25.1°

(80 KM)"



ENHANCED COLOR"ALL FEATURE NAMES ARE INFORMAL"

LAYERS IN AL-IDRISI MONTES
MVIC COLOR IMAGES SHOW SURFACE COMPOSITION VARIETY"



GLACIAL ISLANDS?  

NUNATEK IN ANTARCTICA 

WIND STREAKS? 

2



POSSIBLE CRYOVOLCANOES"



THAT’S JUST WEIRD"



Pluto Crater Locations"

33"

•  Mapped at a consistent resolution of ~900 m/px"

•  1070 craters on encounter hemisphere"

•  Cumulative slopes from ~1.8 to 2.5"

180"120" 240" 300"60"0" 360"

ALL NAMES ARE INFORMAL."

SP"

CTHULHU"

MID LAT."

NORTHERN LAT."

EA
ST

 T
R"

CRATERS"
NOT MAPPED"



Pluto – How old is old?"

SP"

Indicates a range from ancient to extremely young surfaces"

R"
KNEE 

DISTRIBUTION 
FROM 

GREENSTREET ET 
AL. 2015"



Pluto 
Composition:"

ALL PLUTO SYSTEM NAMES 
ARE INFORMAL AT THIS TIME 



Comparing two 
bands…"
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N2 Ice Absorption"
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N2 Ice Absorption"
LOWELL REGIO 

CTHULHU REGIO 
KRUN 

MACULA 

T
A

R
T

A
R

U
S
 

D
O

R
S

A
 

VOYAGER 
TERRA 

VENERA 
TERRA PIONEER 

TERRA 
VEGA 
TERRA 

ALL PLUTO SYSTEM NAMES 
ARE INFORMAL AT THIS TIME 



CO Ice Absorption"
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LEISA SPECTRA SHOW ISOLATED AREAS NEARLY"
 “PURE” (I.E. CHARON-LIKE) WATER ICE"

•  BLUE AREAS ARE REGIONS WITH CHARON-LIKE WATER ICE SPECTRA"
•  THIS DOES NOT MEAN THERE IS NO WATER IN THE NON-BLUE AREAS"

•  WATER  ICE COULD BE MIXED WITH OTHER SPECIES (E.G. CH4) OR COVERED BY A "
SURFACE LAYER OF OTHER ABSORBERS "



H2O Ice Absorption"
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H2O Ice Absorption from more detailed modeling"

75%"

25%"



FIG. 3 LEISA SPECTRA OF PLUTO. 

W. M. GRUNDY ET AL. SCIENCE 2016;351:AAD9189 

PUBLISHED BY AAAS 



INCREASING TIME - - - > DARKENS 

“CTHULHU” 
OLDER, DARKER 

(MORE CRATERED) 

“TOMBAUGH REGIO” 
  YOUNGER, 
BRIGHTER 
  (CRATER FREE) 

WHY IS PLUTO RED ? 

THOLINS



MVIC PAN IMAGE TAKEN SOON AFTER CLOSEST APPROACH"
YOU ARE THERE! "



0.35 KM/PIX 17,277 KM
JUL 14 12:00:41 147.2°20 MILES"

(32 KM)"

CREPUSCULAR  RAYS SHOW MOUNTAINOUS TERRAIN"



MVIC COLOR IMAGE OF PLUTO’S HAZE LAYERS ON DEPARTURE "

HAZES PROBABLY INVOLVE SUNLIGHT"
INITIATED CHEMICAL REACTIONS OF "
NITROGEN AND METHANE, LEADING TO "
RELATIVELY SMALL, SOOT-LIKE PARTICLES "
THAT GROW AS THEY SETTLE TOWARD THE   SU
RFACE. "

THE PARTICLES EXTEND SEVERAL HUNDRED KM
 ABOVE THE SURFACE AND ARE STRONGLY FOR
WARD SCATTERING IN THE MVIC BLUE   CHAN
NEL"





MVIC Haze I/F On Approach"



MVIC Haze I/F Profiles 

•  HAZE OBSERVED EVERYWHERE, WITH TYPICAL SCALE HEIGHT H ~ 50 KM 
•  BLUE AND RELATIVELY BLUER WITH ALTITUDE ⇒ SMALL PARTICLES 

•  FORWARD / BACKWARD SCATTERING >10 ⇒ LARGE PARTICLES   



Haze Scattering Properties"

FRACTAL PARTICLES KEEP A HIGH FORWARD / BACKWARD 
RATIO TO SMALLER SIZES THAN SPHERES DO, HELPING 

EXPLAIN THE FORWARD SCATTERING AND BLUE COLOR OF 
PLUTO’S HAZES 

PARTICLE SIZE (µM)

PH
AS

E 
FU

N
CT

IO
N

 R
AT

IO



•  THE REX UPLINK RADIO OCCULTATION RESULTS SHOW A SURFACE PRESSURE 
OF  11 µBARS  AT INGRESS AND 10 µBARS AT EGRESS"

•  THE LOWEST 4 KM AT INGRESS ARE CLOSE TO THE SOLID-VAPOR EQUILIBRIUM 
TEMPERATURE OF N2 AT PLUTO’S SURFACE PRESSURE"

AL
TI

TU
D

E,
 K

M
"

PLUTO’S LOWER ATMOSPHERE



Solar Occultation"



CHARON’S RED ZUCHETTO 
“SKULL CAP” 



CHARON COMPOSITION: NH3 RICH REGIONS 
MAY INDICATE NEWER FEATURES"

ALL PLUTO SYSTEM NAMES 
ARE INFORMAL AT THIS TIME 



CHARON AND THE SMALL MOONS OF PLUTO"



PREPROGRAMMED CHOREOGRAPHED DANCE OF OBSERVATIONS"
HTTP://EYES.NASA.GOV/"



KUIPER EXTENDED MISSION TARGET: "
2014 MU69"





What We’ve Learned"
•  Prior to encounter we didn’t know what to expect"
•  Encounter Results were not what we expected"

•  Very diverse surface with what appears to be both 
old and new regimes"

•  Evidence of dynamic processes including N2 ice 
flow and convective overflow"

•  Variety of surface compositions evident"
•  Atmosphere with multiple haze layers"
•  Etc. etc."
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351, issue 6279, aad8866!

•  The small satellites of Pluto as observed by New Horizons, H. A. weaver et al., Science, 18 March, 2016 vol 
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•  Pluto’s interaction with its space environment: Solar wind, energetic particles and dust, F. Bagenal et al., 
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•  Surface compositions across Pluto and Charon, W. M Grundy et al., Science, 18 March, 2016 vol 351, issue 
6279, aad9189!
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